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Mean concentrations of algal chlorophyll in lake water have been used to estimate algal biomass (Dillon and Rigler 1974, Canfield et al. 1985) , for classifying lake trophic state (Forsberg and Ryding 1980, Ryding and Rast 1989) , and for use in trophic state indices (Carlson 1977) . Chlorophyll concentrations are also used in nutrient-chlorophyll models to predict how lakes will respond to reductions or increases in nutrient concentrations (Cooke et aI1993) .
A statistically valid sampling program to estimate the chlorophyll concentration of a lake requires a knowledge ofhow the concentration varies during the course of a year. In north temperate regions, the seasonal cycle ofalgal biomass has been described as bimodal with a spring bloom followed by a summer depression, then another bloom in the fall with low levels throughout the winter (Hutchinson 1957) .These cycles are correlated with the temperate pattern of solarradiation and temperature. In the State ofFlorida, the climate (solar radiation and temperature) is less variable in terms of extremes throughout the year. Freezing temperatures are rare and the daylengths vary less than in more northern latitudes. With these differences in mind, it is important to ask if algal concentrations also show a different seasonal pattern. Until recently there has been only a small amount of data available to make seaSonal assessments. Baker et al. (1981) suggested that there are no (or only small) regular seasonal trends in chlorophyll and nutrients for Florida lakes. Huber et al. (1982) described Florida lakes as exhibiting no definite seasonal pattern in chlorophyll concentrations, but earlier data supported the presence of seasonal cycles in the community 60 SEASONAL PATTERNS OF CHLOROPHYLL, NUTRIENT CONCENTRATIONS AND SECCHI DISK TRANSPARENCY 61 structure and abundance of phytoplankton and zooplankton in Florida lakes (Nordlie 1976 ). Hand's (1975) analysis of the 55-lake data set of Shannon (1970) suggested that Florida lakes generally express their highest trophic state responses during summer and lowest values during winter. The presence of patterns in the seasonal frequency distribution of chlorophyll, nutrients, and Secchi transparency and the magnitude of seasonal changes among Florida lakes have not been adequately addressed.
In addition to variability due to seasonal changes, we also need to take into account variability related to lake trophic state. Marshall etaI. (1988) showed that in north temperate regions, lake chlorophyllvariance was greater in lakes with higher mean chlorophyll concentration or higher trophic status. Both sources of variation need to be understood in designingsampling protocols for large-scale limnological monitoring programs.
The objectives of this study are twofold: (1) to describe the seasonal patterns ofchlorophyll and nutrient concentrations and Secch,i transparency in a population of Florida lakes, to detelmine if the seasonality of chlorophyll is related to lake trophic state; and (2) to determine the relationship between samplingfrequency and the precision ofannual means estimated for these lakes.
Methods

Sampling Program
Monthly chlorophyll data collected by the Florida LAKEWATCH (FLW) program, a volunteer citizens water quality monitoring program, were used to examine temporal variability ofchlorophyll in lakes. In 1991, data collected by citizen volunteers were compared to data collected by professional biologists for 125individuallakes (Canfield 1991) . There was no significant difference between values obtained by the citizens and the professionals for total phosphorus, total nitrogen, and chlorophyll. Data used in our analyses were selected from the FLW database and represented sampling of monthly chlorophyll, total phosphorus and total nitrogen concentrations, and Secchi disk transparencies from 209 lakes located in 25 counties sampled from 1986 through 1993. Mean chlorophyll concentrations ranged from <1.0 J..lg , L·I to 360 J..lg . VI. Mean total phosphorus concentrations ranged from <1.0 J..lg . VI to 550 J..lg' VI and mean total nitrogen concentrations ranged from 10 J..lg . L·I to 5150 J..lg' L· I . Mean Secchi disk transparencies ranged from 0.2 m to 10.5 m (Table 1) .
In the field, citizen volunteers collected surface (0.5-m) water samples for total phosphorus and total nitrogen analyses by holding an inverted bottle below the water surface to elbow depth and fIlling it by turning it horizontally. Samples were collected (depending on lake size) from one to six evenly distributed locations usingacid-washed, triple-rinsed, 25O-ml Nalgene bottles for total phospholUs and total nitrogen. Volunteers collected additional surface water at each location in 4-L, tap-water rinsed plastic bottles. Volunteers also measured water clarity at each sampling location with a 2o-cm-diameter Secchi disk. Upon returning to shore, a measured volume of lake water from the 4-L bottles from each location was filtered through a Gelman Type A-E glass fiber fIlter to collect phytoplankton for laboratory chlorophyll analysis. All samples (filters and water) were frozen and sent to the Department of Fisheries and Aquatic Sciences' water quality laboratory where samples were analyzed for chlorophyll, total phosphorus, and total nitrogen concentrations.
Chlorophyll concentrations (J..lg' L·I) were determined spectrophotometrically following pigment extraction with 90% ethanol (Sartory and Grobbelarr 1984) . Total phospholUs concentrations (J..lg' L·I) were determined by the procedures of Murphy and Riley (1962) with a persulfate digestion (Menzel and COlwin 1965) . Total nitrogen concentrations (J..lg' VI) were determined by oxidizing water samples with persulfate and determining nitrate-nitrogenwith second derivative spectroscopy (Crumpton et al. 1992 ; Bachmann and Canfield 1996) .
Seasonal Trends in Chlorophyll, Nutrients, and Secchi Transparency
A database was established from the FLW data to evaluate seasonal patterns in the distribution of chlorophyll, total phosphorus and total nitrogen concentrations, and Secchi disk transparency. Data from 209 lakes were collected on 11 to 13 dates over an annual cycle (January to December) for a minimum of 1 year. All stations within a lake (one to six) were averaged by month to obtain monthly means. Some of the 209 lakes had data on 11 to 13 dates over an annual cycle for multiple annual cycles. For these 209 lakes, the data for each given year were designated as a lakeyear observation (lk-yr obs). This resulted in 4161k-yr obs. Totals of 92, 56, 45, 9, 4, and 3 lakes were represented respectively by 1, 2, 3, 4, 5, and 7 years of data. Each lk-yr obs had at least one maximum and one minimum chlorophyll concentration and could have multiple maxima or minima if the highest or lowest value was repeated within a year. This resulted in 458 maximum and 682 minimum chlorophyll concentrations for the 4161k-yr obs.
All analyseswerealso conducted on data rearranged to avoid overweighting individual lakes by taking lake averages and by randomly selecting a single year for each lake with multiple years of data. The results were no different from those with the original database, so they are not reported here.
Statistical Procedures
To determine ifseasonal trends existin chlorophyll, nutrients (total phosphorus and total nitrogen concentrations), and Secchi transparencies within Florida lakes as a group, seasonal trends were evaluated by calculating monthly mean percent (mean %) differences from annual mean data for each lake. Monthly mean % differences were determined by subtracting the annual mean lk-yr obs from the monthly mean, dividing this value by the annual mean and multiplying by 100.
To assess the effects ofseason on the frequency of extreme values, maximum and minimum chlorophyll, nuuient, and Secchi values were determined for each lk-yr obs and were summarized by month across lakes. Frequency of occurrence histograms for data pooled from all lakes were used to determine which months exhibited maximum and minimum chlorophyll, nutrient, and Secchi transparency values as well as those months in which there were higher probabilities of maxima and minima. To determine whether the seasonality of chlorophyll maxima and minima varied with trophic state, each lake-year was assigned a trophic state category using the mean annual chlorophyll concentration and six classification schemes (Table 2) . Table 2 .-Trophic classification systems used to evaluate seasonal patterns in Florida lakes. The Forsberg and Ryding (1980) and Marshall and Peters (1989) classification systems use mean annual lake chlorophyll values. The OECD fixed and modified systems use both mean and peak annual chlorophyll for sorting into classes (Ryding and Rast 1989 The approach of Marshall and Peters (1989) was used to evaluate differences in the distributions of maximum and minimum chlorophyll concentrations betvleen north-temperate and Florida lakes. Marshall and Peters (1989) separated their data into two classes, oligotrophic (mean chlorophyll < 7 Ilg . L·I) and eutrophic (mean chlorophyll> 121lg' VI) lake types. They used loglo-transformed chlorophyll data and defined maxima and minima as chlorophyll values falling outside the 80% confidence limits on individual observations for each trophic class. To compare their findings with Florida lakes, the same classification approach was followed. Frequency of chlorophyll maxima and minima from Marshall and Peters (1989) data and the Florida dates were summarized by month for each group and graphed.
Maximum and minimum chlorophyll frequency disu'ibutions for Florida lakes were also evaluated by latitude within the state after dividing them into two groups: (1) lakes above 29°north latitude and (2) lakes below 29°north latitude. Beaver etal. (1981) suggested that north Florida (> 29°north latitude) was more strongly influenced by continental cold fronts during winter than the region to the south. Their evaluation suggested the possibility ofdifferences in the timing or expression ofbiological estimators such as chlorophyll between these two regions.
Best-fit linear regression equations for chlorophyll variance associated with mean chlorophyll were calculated for annual and seasonal (12 possible 3-month) subsets. ATukey-Kramer Honest SignificantDifference (HSD) test was used to evaluate if variance within seasonal subsetswas significantly different from annual variance. Regression equations were also calculated for tlle total phosphorus, total niu'ogen, and Secchi disk annual data.
Power equations generated from Florida annual and seasonal subset regression equations were compared witll published literature values (e.g., Marshall et al. 1988 ). Power equations were obtained by taking tlle antilog of loglo-u'ansformed regression equations. For example, to describe tlle relationship between annual mean chlorophyll and the associated variance, a loglo-linear regression model follows tlle format:
where S2 is the variance, b is the intercept, m is the slope of the regression equation, and mean chlorophyll is tlle calculated annual mean chlorophyll concentration for each lk-yr obs. Taking the antilog of the above equation, the relationship is converted to:
where b' is the antilog of the intercept and the other variables remain as defined above..
At-test (Snedecor and Cochran 1980) was used to test if the slope, m, was significantly different from Equation 2. We also sorted the lakes into trophic state categories and found the coefficient of variation for the estimates of the mean within each group. The means were compared with an F-test.
Confidence limits on annual means with different sampling frequencies were determined according to Snedecorand Cochran (1980). Since we found that the variances were not constants but increased with the means, we used Equation 2 to fmd the variances for tl1e mean values of chlorophyll, total phosphorus, total nitrogen, and Secchi disk deptl1s in our lake dataset. The coefficients ofvariation were found by dividing tl1e square roots of tl1e variances by tl1e respective means. Since we had 4161k-yr obs, the t-value for our error is 1.97 (Snedecor and Cochran 1980) . The 95% confidence limits as percents would be ±1.97 times tl1e coefficient of vaIiation divided by tl1e square root of tl1e number of samples used to find the annual mean.
Results
Seasonal Trends in Chlorophyll, Nutrients, and Secchi Transparency
There was a distinct seasonal pattern among montl1ly mean chlorophyll concentrations (Fig. 1A) . Chlorophyll values were 9% to 17% below the annual average duIing the months January tl1rough May and then rose 20% to 22% above the annual mean duIing August tl1rough October. The standard error of tl1e means were small and an ANOVA witl1 multiple compaIisons showed a significant (p < 0.01) difference between tl1e January to May means and tl1e August to October means.
When the lakes were sorted into two separate groups (lakesabove and lakes below 29°north latitude), annual chlorophyll concentrations for the population of lakes below 29°N (mean =25, std dev =34 Ilg L-l) were significantly higher (Student's t = 6.59, df = 414; Wilcoxon/Kruskal-Wallis Rank sums test: X2 = 37.6, df = 1) and encompassed a wider range ofvalues tl1an tl1e region above 29°N (mean =8, std dev =10 Ilg VI).
Mean % difference of chlorophyll for lakes above 29°N ranged from -14% to +21 % and mean % difference of chlorophyll for lakes below 29°N ranged from -20% to +24%. These were not significantly different (F-test: F Ratio < 0.01, df=1 and 22; Wilcoxon/KruskalWallis Rank sums test: X2 < 0.01, df = 1; and Welch ANOVA: F Ratio <0.01, df =1 and 22), tl1us tl1ere is no support for the idea ofdifferences in temporal patterns
levels (-7% to +23%) for the rest of the year.
Seasonal variability of total phosphorus and total nitrogen concentrations using mean %differences was less distinct than the pattern found for chlorophyll. Mean %difference total phosphorus was low (-4% to-5%) during December and January (Fig. 4) and was higher and more variable during the rest of the year.
Mean %difference total nitrogen also was low (-1 %to -2.5%) during January and February (Fig. 4) but, variability was low throughout the year. In Florida, mean % difference of total phosphorus fluctuated 4% to 6% either side of the annual mean, while mean % difference oftotal nitrogen fluctuated 2% to 3% either side of the annual mean (Fig. 4) .
There was a distinct seasonal pattern ofSecchi disk transparencies ( Fig. lB) using mean % differences with the greatest transparencies in November through February (2% to 7%) and lower transparency during the rest of the year. The mean % difference of Secchi transparency fluctuated 4% to 6% either side of the annual mean. . in chlorophyll concentrations between north Florida (> 29°north latitude) lakes and lakes in south Florida. The lakes were sorted into trophic classes using mean annual chlorophyll and the classification system of Forsberg and Ryding (1980) to evaluate trends possibly obscured by evaluation across all lakes (Figs. 2 and 3). For oligotrophic lakes, the monthly means ranged from 21 % below to 23% above the annual average. The ranges for mesotrophic lakes were -18% to +32%, eutrophic lakes -18% to +24%, and for hypereutrophic lakes -22% to +23% of the annual mean. Oligotrophic, mesotrophic, and eutrophic lakes start the year with below average chlorophyll concentrations fromJanuary to May (-12% to -21 % for oligotrophic waters, -10% to -18% for mesotrophic waters, and -7% to -18% for eutrophic waters) and higher than mean annual average concentrations from August to October (+16% to +23% for oligotrophic waters, +16% to +32% for mesotrophic waters, and +18% to +24% for eutrophic waters)~In contrast, hypereutrophic lakes had a shorter period of below average chlorophyll concentrations (-22% to -24%) from December to February and higher fluctuating~3 
Fagure 2.-Mean percent differences of. monthly chlorophyll in Database I (n = 416 lk-yr obs from 209 lakes) from annual means averaged across months over an annual cycle for waters classified as (A) oligotrophic (75 lk-yr obs) or (B) mesotrophic (125 lk-yr obs) using mean annual chlorophyll values and the classification system of Forsberg and Ryding (1980 
concentrations are small (e.g., Dillon and Rigler 1974) and that seasonal fluctuations in chlorophyll concentrations parallel those of total phosphorus concentrations in most cases (Prepas and Trew 1983) . In Florida, the relatively small fluctuations ofmonthly mean % difference total phosphorus from the annual mean are similar to those described for northern lakes, but the fluctuations in mean % difference chlorophyll (Fig. lA) did not follow trends in mean % difference total phosphorus or mean %difference total nitrogen (Fig. 4) . This suggests that nutrients may not always limitalgal biomass (chlorophyll concentration) or that algal nutrient requirements are seasonal, even though chlorophyll is positively correlated to total phosphorus (monthly data R2 = 0.66; annual data R 2 = 0.78) and total nitrogen (monthly data, R2 = 0.44; annual data R2 = 0.51) among Florida lakes. In our Florida lakes, we found the Secchi disk transparencies were belowaverage when the nutrients were below average. This is intuitive as Secchi transparency is inversely correlated to total phosphorus (monthly data R2 = 0.56; annual data R2 =0.64) and total nitrogen (monthly data ,R2= 0.42;
annual data R2 = 0.46) and chlorophyll (monthly data R2 = 0.54; annual data R2 = 0.64) concentrations. Forsberg and Ryding (1980) . Error bars represent the standard errors of the mean of the monthly mean % differences.
Forlakes above (n = 1991k-yr obs) and lakes below (n = 259lkiT obs) 29 0 north latitude, the range ofmean % difference of total phosphorus (F-test: F Ratio < 0.01, df= 1and 22; Wilcoxon/Kruskal-Wallis Rank sums test: X2 < 0.08, df= 1; and Welch ANOVA: F Ratio < 0.01, df= 1 and 16) and total nitrogen (F-test: FRatio < 0.01, df= 1and 22; Wilcoxon/Kruskal-Wallis Ranksums test: X2 < 0.06, df= 1; and Welch ANOVA: F Ratio < 0.01, df= 1 and 22) did not differ over the course ofthe year. Similar results were found for Secchi disk transparency. The range ofmean %differences (F-test: FRatio < 0.01, df= 1and 22; Wilcoxon/Kruskal-Wallis Ranksums test: X2 < 0.03, df= 1; and Welch ANOVA: F Ratio < 0.01, df = 1 and 22) did not differ significantly over the course of the year between these two populations of Florida lakes.
Several investigators have reported a strong correlation between chlorophyll concentrations and nutrient concentrations (total phosphorus and total nitrogen) in lakes (Sakamoto 1966; Jones and Bachmann 1976; Canfield 1983) . It is often assumed that seasonal changes in within-lake total phosphorus 
Frequency of Occurrence ofMaxima and Minima
Maximum chlorophyll concentrations were measured most frequently (52 to 72 obs) from August to October (Fig. 5A) . Minimum chlorophyll concentrations were measured most frequently (69 to 96 obs) from December to May (Fig. 5B) . Months (August to October) in which the greatest numbers of maxima occurred also exhibited the fewest number of minima (18 to 25 obs). nitrogen concentrationswere measured mostfrequently (45 to 52 obs) December throughJanuary. Maximum Secchi disk transparencies were measured most frequently (38 to 78 obs) December through February. Minimum Secchi transparencies were measured most frequently (37 to 62 obs) March through May. Maximum chlorophyll concentrations (Fig. 9 ) occurred throughout the year for lakes above and below 29°N but were observed most frequently in the months August to October for both groups of lakes (above 29°N: 20 to 28 maximum obs; below 29°N: 32 to 44 maximum obs). A Chi~uare test (X2 =1.4, df=1) indicated the two regional distributions were not significantly different. The lackofsignificant difference between the two regions as indicated by the Chi-square value does not support the contention that latitudinal differences in seasonal weather patterns strongly influence temporal variation ofchlorophyll in Florida.
Patterns in maximum and minimum chlorophyll distributions were similar across most trophic classes (Figs. 10and 11) . Maximum and minimum chlorophyll values were encountered in every month for oligotrophic to eutrophic waters. In oligotrophic, mesotrophic, and eutrophic lakes, maximum chlorophyll values occurred most frequently from August to October, with a higher number of observed minimum chlorophyll values from December to May. Hypereutrophic lakes had the highest number of observed maximum cWorophyllvalues March toJune (7 to 14 obs) and higher numbers ofobserved minimum chlorophyll values from December to May. No maximum chlorophyll values were encountered from December to February for hypereutrophic lakes, but there is no obvious biological reason why maximum chlorophyll could not occur. The total number of hypereutrophic lk-yr obs (n = 51) was low relative to the other trophic classes, butwe feel the observed pattern is real and not due to small sample size. Marshall and Peters (1989) reported northern oligotrophic lakes have a higher number ofmaximum chlorophyll values in May and late summer and fall (August to November), with higher numbers of minimum chlorophyll values from January to April. Northern eutrophic lakes had a higher number of maximum chlorophyll values from April to May and from mid:July through mid-8eptember, with higher numbers of minimum chlorophyll values from November to March and from mid-May throughJuly. Marshall and Peters' (1989) data had been separated by date for each month. When the Marshall and Peters' (1989) chlorophyll distributions were summarized by month, the reported patterns were not as obvious.
Using the classification procedures of Marshall and Peters (1989) , Floridaoligotrophiclakeshad higher numbers ofmaximum chlorophyll concentrations from August to October with the highest numbers of minimum chlorophyll concentrations occun'ing December to May (Fig. 12 ). Eutrophic lakes also had higher numbers ofmaximum chlorophyll concentrations from August to October, with higher numbers of minimum chlorophyll concentrations from December to May (Fig. 13) . As a population, Florida lakes exhibited a more distinct pattern than their northeln counterparts with the greatest probability of encountering peak chlorophyll concentrations from August to October. We reanalyzed the chlorophyll data using the FJgUre 1O.-Frequency of occurrence of 458 maximum chlorophyll concentrations over an annual cycle for lakes in Database I after assigning trophic atate classes using mean annual chlorophyll values and the classification system of Forsberg and Ryding (1980) . procedures of Marshall and Peters (1989) which increased the total number ofdata points used to generate the frequency of occurrence histograms, but did not change the distribution patterns described earlier.
Frequency of occurrence of maximum and minimum chlorophyll measurements were also evaluated using four Organization for Economic Cooperation and Development (OECD) ( Table 2) classification systems (Ryding and Rast 1989) . The frequency distributions of maximum and minimum chlorophyll occun-encewere similar to those desctibed above using mean annual chlorophyll and the classification system of Forsberg and Ryding (1980) or the procedures of Marshall and Peters (1989) . . trophic state classes using mean annual chlorophyll values and the classification system, of Forsberg and Ryding (1980) . "
Minimum Chlorophyll Concentrations Frequency Distributions
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Variance in monthly chlorophyll values
The double log plot (Fig. 14A ) of the variance of the monthly measurements of chlorophyll versus mean annual chlorophyll for all lake years is linear (R2 = 0.86). The regression equation for the line expressed as a power equation, has an exponent of2.07 which is not statistically different from 2.0 meaning that the variance increases as the square of the mean.
Because the standard deviation is by definition the square root of the variance, it follows that the standard deviation is directly proportional to the mean. Thus, the standard deviation is a constant percent of the mean (Table 3 ). The means ofthe standard deviations by lake trophic state going from oligotrophic to hypereutrophicwere 43%, 53%, 55%, and 48%. While they differed statistically, the differences were not considered important from a practical standpoint. Smaller variances were observed when monthly samples were used to find the means and variances for seasonal periods (Fig. 14B, Table 3) . A Tukey-Kramer HonestSignificantDifference testindicated thevariance for each seasonal period was significantly less than annual variance. For the 3-month period, August to October, with the highest average chlorophylls, the standard deviation is only 31 %of the mean (Table 4) .
This results from the fact that there is less variation within these 3 months than there is over the course of a year (Fig. 1) . Similar results are found for other 3-month periods throughout the year (Table 3) . Marshall et al. (1988) compared variance in chlorophyll concentrations associated with their data and published data from other geographic areas by convertinglog linear relationships to power equations. The Florida power equations (Table 3) (Marshall and Peters 1989) and (B) Florida eutrophic lakes (data from Database I). Distributions were derived from values that fell outside the 80% confidence intervals c:alculated for the mean of log,.transformed data following Marshall and Peters (1989) . of annual data for South African reservoirs (Walmsley 1984) or north-temperate lakes and reservoirs (Marshall et al. 1988 ) when compared across a range (l to 300 Jlg . Ll ) of theoretical chlorophyll values. Florida chlorophyll data also supported the fmdings of Knowlton et al. (1984) and Marshall et al. (1988) that temporal variance in chlorophyll concentrations increased in proportion to the square of the mean.
Variance in monthly phosphorus, nitrogen, and Secchi disk values
Power equations relating the variance to the mean were also developed for total phosphorus, total nitrogen, and Secchi depth measurements (Figs. 15, 16, and 17) . In each case, the variance increased with the mean. For comparative purposes, we used the mean values for chlorophyll, total phosphorus, total nitrogen, and Secchi disk depth (Table 1) in their respective power equations (Figs. 15, 16, and 17) to find the variances for the average lake. The calculated coefficients of variation and confidence limits for various numbers of samples are given in Table 4 . The variability in the estimates of the annual means for total phosphorus, total nitrogen, and Secchi transparency is about half that for the annual mean of chlorophyll. For annual chlorophyll, August to October chlorophyll, and total phosphorus, the exponents in the power equations were not significantly different from 2.0, so that the standard deviation was a constant percent of the mean. This means that the confidence limits for those variables (as a percent ofthe mean) will be the same for all lakes in our sample. For total nitrogen and Secchi disk depths the slopes were significantly different from 2.0, meaning that the standard deviations increased more slowly than the means and were not a constant percent. To find the confidence limits for lakes with means higher or lower than the average, one would start with the power equations to find the variance associated with that mean and then follow the procedures we outlined to find the confidence limits.
Discussion
Florida lakes as a population have distinct seasonal cycles of algal biomass. For oligotrophic, mesotrophic, and eutrophic lakes, monthly chlorophyll concentrations were typically lower than the annual mean chlorophyll concentration from December to May and were higher from August to October. Hypereutrophic lakes (annual mean chlorophyll > 40 Jlg . L·l) tend to have high fluctuating levels of algal chlorophyll for most of the year except for low levels in December,January, and February.
Compared to chlorophyll concentrations, nutrient concentrations followed no strong pattern. Total phosphorus concentrationswere low during December andJanuary, but higher and more variable during the rest of the year. Total nitrogen variability was low throughout the year. There was a distinct seasonal pattern of Secchi disk transpai'encies which were greatest November through February and generally lower during the rest of the year.
Seasonal patterns were also found in the monthly distributions of maxima and minima in chlorophyll concentrations. For oligotrophic, eutrophic, and mesotrophic lakes, the maxima were most likely to be found in the late summer months of August through October with minima more likely in the other months of the year. Hypereutrophic lakes were somewhat different with maxima most common in the late spring and minima in the months of December though May.
The maximum or minimum level in any given lake can occur at any time ofthe year, although we observed no maximums for hypereu trophic lakes from December through February. Maximum and minimum nutrient concentrations and Secchi disk transparencies were encountered in every month for the population of Florida lakes. Maximum total phosphorus concentrations were measured most frequently February through May, August and October with minima measured most frequently in the preceding months November through February. Total nitrogen maxima were measured most frequently March through June and October with minimum concenu'ations measured most frequently December through January. Greatest Secchi disk transparencies occurred December through February when nutrient and chlorophyll concentrations were below their respective annual mean concentrations. Secchi transparency was lowest March through May.
No important differences were found in the seasonal patterns between north and south Florida lakes. Mean % difference of chlorophyll levels and frequencies ofoccurrence ofchlorophyll maxima and minima for lakes above and below 29 0 north latitude were similar. Identical observations were found for nutrient concentrationsand Secchi disk transparencies. Beaver et al. (1981) suggested north Flolida (> 29 0 N) is more strongly influenced by cold fronts than central or southern Florida, having a longer, more intense winter. They also noted that the temperate climatic influence breaks down during the summer, and the entire peninsula is more stronglyinfluenced by tropical circulation patterns. Temporal differences in the expression of chlorophyll were not obvious between these regions and may in part be a result of similar temperature and light regimes. The highest mean % differences of chlorophyll and maximum chlorophyll frequencies fall duling the summer when light and temperature differences across the state are least variable. Florida oligou'ophic lakes showed a different pattern in the monthly distribution of chlorophyll maxima from those desclibed for the north temperate oligotrophiclakes by Marshalland Peters (1989) .Flolida oligou'ophic lakes had higher numbers of observed maximum chlorophyll concenu'ations from August to October while the north temperate lakes had a distinct peak in the month of May.
The amount of~riability in the monthly chlorophyll concentrations during the course ofa year increased in absolute terms as the value of the annual mean increased. This agrees with obselvations from a large range of lakes and reservoirs (Knowlton et al. 1984; Walmsley 1984; and Marshall and Peters 1989) . However, when the variance was expressed as a percent of the mean, it was essentially constant over the range of trophic states from oligotrophic to hypereutrophic. This means that in a relative sense the variations in monthly values for chlorophyll in Florida lakes are independentoftrophicstate. Thevariability in monthly total phosphorus concentrations was also a constant percent of the mean, so that it too was independent of trophic statewhen expressed in relative terms. For total nitrogen and Secchi disk transparency, however, variabilitywhen expressed asa percent ofthe mean was somewhat less for hypereutrophic lakes than oligotrophic lakes.
The 95% confidence limits for estimates ofannual mean chlorophyll concentrations in these Florida lakes ranged from a high of93% for a single random sample to 46% for quarterly samples, and 27% for a mean calculated from monthly samples. Smaller confidence limits were found with equal numbers of samples for total phosphorus, total nitrogen, and Secchi disk depths. This information can be used in designing efficient samplingprograms to estimate these variables. Sampling efforts from]uly to October would provide the greatest probability of estimating the annual maximum or the highestaverage chlorophyll concentration in a m.yority of Florida (oligob-ophic to eutrophic) lakes. Fewer samples are needed for comparable precision in the estimation of seasonal means, because there was less variance within a season than there is during the course ofa year.
